Introduction
COPD causes specific inflammatory cell types and structural changes in the airways that determine the severity of this condition. In Spain, chronic lung diseases were the fourth leading cause of mortality in 2008. 1 Furthermore, recent studies have reported that ~10.2% of Spanish population between 40 and 80 years have COPD, 2 but its under-diagnosis is frequent, and it is estimated that 73% of COPD cases have not been diagnosed. 3 These characteristics make COPD already a very costly condition, which is estimated to be equivalent to 0.2% of Spanish gross domestic product. 2 Pharmacological treatment should adjust to each patient, guided by severity of symptoms, risk of exacerbations, and patient's response. Maintenance treatment
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Darbà et al of COPD relies on inhaled agents to control symptoms and/or complications of the disease and to prevent exacerbations. 1 Although these effects are required, inhaled pharmacological treatment depends on the efficacy of inhaler devices, patient's ability, and precision for using it;
4,5 the reliability of devices for delivering the medicine directly to patients' lungs; 6, 7 and patient's compromise to comply timing, dosage, and frequency of medication taking. 8, 9 Suboptimal adherence within chronic conditions has been largely documented. 10, 11 Specifically, the lack of adherence toward medication regime can cause progression of COPD, more severity of symptoms and exacerbations, hospitalization, and detriment of the quality of life among COPD patients. [12] [13] [14] Medication adherence is a complex issue that can be defined as the degree to which a patient's medication-taking behavior and/or executing lifestyle changes correspond with agreed recommendations from a health care professional with respect to timing, dosage, and frequency. 8, 11 Over the last few years, researchers from several disciplines raised that adherence is an important problem given that is influenced not only by the increasingly complexity of lifelong therapy regimens but also by multiple clinical and nonclinical factors, to which we have to add the sociodemographic changes of a population aging. 15 These aspects represent a challenge for national health care systems worldwide that should be analyzed from a multidisciplinary perspective. 4, 6, 13, 14 Although inhaled corticosteroids and long-acting β 2 -agonist (ICS/LABA) fixed-dose combinations (FDCs) have shown to relieve COPD symptoms similarly, recent research has shown that inhaler technique might affect adherence and hence efficacy of pharmacological treatment. [2] [3] [4] Inhaler technique is different between dry powder inhalers (DPIs) and pressurized metered-dose inhalers (pMDIs). Each of the devices is associated with procedure, which is also affected by the ability of patients to handle it. The aim of this study was to examine medication adherence in COPD patients, focusing on the associations between adherence with COPD medication and inhaler devices, such as DPI and pMDI, while adjusting for the potential effect of the active ingredients. Moreover, some other factors that could be affecting medication adherence, such as clinical or socioeconomic characteristics of patients, were also analyzed.
Materials and methods study sample
We conducted a retrospective and multicenter study based on a review of medical registries of COPD patients treated with ICS/LABA FDC, whose inhaler devices were either DPIs or pMDIs. Diagnosis was spirometry based, which was useful to classify patients into three categories: mild, moderate, and severe. Criteria were always the doctor's opinion. The study population included patients attending primary care centers, whose population was mostly urban, with a low-to-medium socioeconomic level.
The study sample comprised all COPD patients, who initiated their treatment with ICS/LABA FDC between January 1, 2007 and June 30, 2014. Moreover, patients fulfilled the following characteristics: 1) aged $35, 2) time of diagnosis .3 years, and 3) were required to have registries with regular monitoring for 18 months (ie, those who were part of the long-term prescription program to obtain prescriptions with a confirmed record of the daily dosage, time interval, and duration of each treatment) (n=1,645). We excluded patients who were transferred outside the area, patients permanently institutionalized, patients who died during the period of analysis (n=382), and patients who presented clinical history of pulmonary emphysema, bronchiectasis, cystic fibrosis, and bronchial neoplasia.
Data source and variables
This retrospective study used integrated medical and pharmacy claims' data to identify the impact of inhaler technique toward adherence outcomes. Database contains information on COPD treatments with ICS/LABA FDC according to the Anatomical Therapeutic Chemical Classification System. We linked each treatment to its inhaler device, which could be a DPI or a pMDI. Thus, within DPIs were included Turbuhaler ® , Accuhaler ® , and NEXThaler ® that delivered formoterol/budesonide, salmeterol/fluticasone, and formoterol/beclomethasone, respectively. pMDIs delivered either formoterol/beclomethasone or salmeterol/fluticasone. Database is managed by Badalona Serveis Assitencials, which provides services to ten primary care centers, one hospital, and one sociohealth center. Ethics approval for the database to be used for research was granted by the Ethics Committee of the Hospital Universitari Germans Trías i Pujol.
Information on persistence was obtained for 1 year and half, indicating whether patient kept taking that treatment (persistence) at the third, sixth, 12th, and 18th months (Figures 1 and 2 ). Information on medication possession was also obtained by patient's refill count as well as data on duration by the number of days patient should be consuming the medication. Demographic characteristics of 
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Furthermore, we gathered data of other potential confounders of medication adherence. A number of mild/ moderate exacerbations and acute events, defined by the GesEPOC recommendations, 2 were collected. Medications, such as oral corticosteroids, systemic antibiotics, short-acting β 2 -agonist, short-acting anticholinergic, and systemic β 2 -agonists, to treat the symptoms and complications of COPD were available. Clinical data on comorbidities were included. Basically, it was indicated whether the patients suffered from simultaneous conditions, such as hypertension, diabetes, dyslipidemia, arthritis, osteoarthritis, depression, and dementia. Also severe events, including failures, ischemic heart disease, cerebrovascular diseases, and neoplasm, were indicated. Behavior attitudes that could derive to higher risk of developing a disease, for instance, obesity, smoking habit, and alcoholism, were also included as comorbidities. We had also access to number of visits to 
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Darbà et al the physician during the period of study. Pharmacy administrative database also stores gross amount of pharmaceutical expenditure per patient. Data were adapted into our model by obtaining patient's average cost per month because Spanish patients have low co-payment levels for their medication; we approximated the potential cost that patients could face each month.
Calculation of patient's medication adherence
To calculate adherence, we utilized the medication possession ratio (MPR), which is calculated by dividing the number of days supplied for a given medication by the number of days in the study, and persistence data. 16 Persistence is defined as the duration of time from initiation to discontinuation of therapy. Clinical outcomes are affected not only by how well patients take their medication but also by how long they take them, so the effect on how well patients take ICS/LABA FDC can be observed without being disturbed by discontinuation. First, we identified patients who last 18 months with their medication, which implied that they were persistent. These patients were analyzed to obtain adherence by using the MPR. Therefore, within these persistent patients, we applied a cut-point of 90% to the MPR. Since MPR tends to be overestimated, 9, 17 we also increased the limit to consider medication adherence. We had an ordered categorical variable, which showed to be very useful to identify persistence and adherence patterns: patients first need to be persistent with their treatment, and then they need to comply with their prescriptions. 4, 9 This variable reflects patients who are not neither persistent nor adherent, patients who are persistent but nonadherent, and patients who are persistent and showed adherence to their medication ( Figure 3 ). Finally, to check the robustness of our findings, we decided to use the most common cut-point that is 80% to the MPR. 13, 18 This analysis focuses on factors that diminish medication adherence.
analysis
To illustrate the distribution of patient's adherence within each medical device (DPI or pMDI), we tabulated sample characteristics for patients using either a DPI or a pMDI (Table 1) . Univariate associations between medication adherence, medical device, and several confounders, such as age, comorbidities, exacerbations, severity of COPD, medication to treat COPD, and drug cost, were analyzed ( Table 2) . To perform basic analysis, we only included statistically significant variables from the univariate analysis into the first specification (Table 3) .
With reference to health care utilization, visits to physicians were categorized in order to explore the association of having, on average, none or one visit per month, between one and three visits per month, and more than three visits per month (baseline will be none or one visit per month). We considered a variable for comorbidity status, which was categorized as having one, two, or more than three conditions, besides COPD. 
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The importance of inhalation devices in adherence outcomes Moreover, to consider the potential heterogeneity sources across age groups, the continuous variable age was split into five groups. Utilization of medication to treat COPD, besides ICS/LABA FDCs, was combined in a single variable that captures number of medication took per patient during the period of study. We did not analyze each pattern by itself because we are interested on adherence patterns in patients attempting to take ICS/LABA FDC chronically. Tables 2-4 contain results expressed in percentage points (pp) and odd ratios. 
Results
Clinical and demographic characteristics
Persistence rates were diminishing throughout 18 months and were similar among inhaler devices at the 18th month (Figures 1 and 2 ). We could identify the final proportion of adherent patients on the basis of methodology described in the "Calculation of patient's medication adherence" section. Remarkably higher rates of discontinuation were observed in patients using a DPI. However, patients who have medication adherence were similar in both groups (Figure 3 ).
Sociodemographic and clinical characteristics of 1,263 COPD patients tabulated by an inhaler device are shown in Table 1 . A total of 38.95% of patients used a pMDI and 61.05% used a DPI during the time of study. The mean age of patients was 71 years, most of them were retired (88.44%), and 83.45% of them were men. Time since diagnosis (in years) was similar in both groups. The most frequent comorbidity observed in this sample was hypertension (60.1%), followed by dyslipidemia (50.75%), which were very similar in both groups. Patients with moderate COPD represent 79.65%, and the distribution 
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The importance of inhalation devices in adherence outcomes of disease severity is very similar across clusters. It is worth mentioning that the use of ICS/LABA FCD in COPD subjects is limited to severe or moderate-to-severe obstruction and common exacerbations; however, we observed patients classified as mild who use these therapies. Furthermore, one DPI included does not have indication for COPD in Spain but our sample shows that currently is being used with such a propose, which might be explained by a certain freedom to prescribe off-label. Almost half of the patients (40.79%) experienced at least one exacerbation. Table 2 contains results of univariate regressions. DPI utilization was negatively correlated with adherence; on the contrary, the effect of active ingredients was not statistically significant. Clinical characteristics, such as COPD severity, time since diagnosis, number of mild and moderate exacerbations, and some comorbidities, such as smoking and cerebrovascular diseases, were negatively correlated with adherence, except for moderate exacerbations that were positively correlated with it. None of the diseases that are mobility limiting were significant. Long-acting anticholinergic agents were positively correlated with adherence as well as most of the medication to treat COPD, except for systemic administration of β 2 -adrenoceptor agonists that were not statically significant. Pharmaceutical costs were negatively correlated with adherence, and visits to physician were positively correlated with it.
Inhaler technique and other confounders affecting patient's adherence to the COPD treatment
Results are shown in Table 3 with and without active ingredient variable. Remarkably, variable for inhaler devices increased its significance (P,0.001), and the probability of adherence by a patient using a DPI would be diminished by almost 10 pp compared to that of a patient using pressurized inhalers. These measures were adjusted for confounders, and some of them were significant. For instance, time since diagnosis is negatively associated with medication adherence. In case of moderate exacerbations, the link is positive. Regarding health care resources, the coefficient of pharmaceutical cost would have a small negative impact on medication adherence, while the effect of doctor's visit is positive.
In Table 4 , we present the results of the regression that provided the adjusted measures of association between the 
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Darbà et al inhaler technique and medication adherence and showed to fit the data better than previous models. This analysis revealed that patients treated with ICS/LABA FDC delivered by a DPI were less likely to adhere to their COPD treatment compared to patients that used a pMDI. By contrast, the variable that captures the association between ICS/LABA and adherence was not significant. Regarding disease severity, worsening of COPD is not negatively associated with adherence. This effect is not consistent with the coefficient of time since the diagnosis, which implies that the probability of medication adherence would decrease by 0.7 pp, for an extra year with COPD. Notes: *P,0.05 and **P,0.001. Abbreviations: ICs/laBa, inhaled corticosteroids and long-acting β 2 -agonist; FDC, fixed-dose combination; CI, confidence interval; DPI, dry powder inhaler; pMDI, pressurized metered-dose inhaler; COPD, chronic obstructive pulmonary disease.
The categorical variable for the number of comorbidities shows that having more than three multiple conditions would impact negatively on medication adherence, despite most of the comorbidities in the previous regressions were not statistically significant. Regarding comorbidities, we found that hypertension was positively correlated with adherence as well as smoking. Regarding patients' characteristics, age appeared to be determinant, affecting adherence to treatment negatively. However, this effect becomes smaller as we moved to older age groups.
An additional acute exacerbation for COPD patients was negatively associated with medication adherence, but 
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The importance of inhalation devices in adherence outcomes number of medication to treat COPD, besides ICS/LABA FDC, showed to be not significant. An additional visit to the doctor was positively associated with medication adherence. Conversely, more than one physician visit per month is negatively associated with adherence. Some other potential confounders, such as sex, concomitant medication, and moderate exacerbations, were not statistically significant for explaining adherence with COPD medication. Additionally, results of the interaction term of sex and smoking suggest that the probability of medication adherence was reduced for smoking men compared to smoking women and nonsmokers. Regarding health care resources, cost was not significant. Robustness check confirmed our results, and the effect of inhaler technique increases its significance toward suboptimal adherence (P,0.001).
Discussion
These analyses revealed that after adjustment for confounding variables, especially the active agents, patients treated with ICS/LABA FCD delivered using a DPI (Accuhaler ® , NEXThaler ® , and Turbuhaler ® ) were less likely to show adherence compared to patients treated with ICS/LABA FCD delivered using a pMDI. Results are striking because, despite the inclusion of several confounders of adherence, there was still a statistically significant coefficient of the variable of inhaler devices' utilization, suggesting that factors related only to inhaler devices might weaken probability of medication adherence. We can find critical errors of DPIs in the literature. The most frequently reported flaw is failure to exhale before inhaling and in consequence, failure to use a forceful and deep inhalation. 19 Moreover, DPIs included in our analysis present errors regarding the metering of the dose and positioning the inhaler. 19 Suboptimal adherence limits the efficacy of inhalation therapy, since there are negative impacts in outcomes as survival and cost as well as clinical outcomes. 20, 21 Although there is not an agreement on the situation that predisposes to inhaler misuse, the identification of associations between inhaler technique and patients' adherence shed some light on reasons why suboptimal adherence has become a major problem. 3, 18, 22, 23 Our results are consistent with the previous analyses that described several factors affecting medication adherence negatively. 8, 24, 25 In our analysis, we identified factors that affect adherence of long-term inhalation therapy in COPD patients. Age was negatively associated with adherence. 26 This effect is consistent with time since diagnosis, which indicates a negative in adherence as time passes toward adherence to long-term therapy. However, the effect decreases along with age. 27, 28 Hypertension patients were more likely to medication adherence, which is plausible because these patients might be also more controlled due to high blood pressure, and adherence in hypertension is higher compared to COPD, which could also influence adherence for COPD. 29 Conversely, arthritis and osteoarthritis have not shown to be statistically significant, although these conditions contribute to an inability of device utilization. 30 These results are likely to be explained by the constrained subsample size of these comorbidities; hence, further research is needed in this area.
Some patients failed to comply with physician's recommendations since they did not quit smoking (19% of the sample). Smoking cessation is the most effective way of slowing the progression of this disease. 12 Therefore, it is plausible to think that patients are also nonadherent to their medication. 31 Indeed, our results suggest that the smoking men's probability of medication adherence decreased by 30 pp. Although sex was not crucial for explaining adherence, the negative effect of the interaction term between smoking status and men is considerable. The sample was mostly composed of men, who represent the common COPD patient. 2 However, this pattern is changing since incidence of smoking, main cause of COPD, has increased in women, which have now greater health risks. 2 Regarding health care utilization, we identified two effects of visiting the doctor. The effect of doctor visit would increase the probability of medication adherence. 18 Conversely, patients who have visited their doctor more than three times per month were more likely to have suboptimal adherence. Results are feasible since health care professional interventions are consistently positive for adherence and compliance. 32 However, many visits to the doctor negatively associated might indicate serious problems and patients are pushed to visit several times their physician. 14, 15, 33 Cost was not finally statistically significant toward adherence. This is plausible since Spanish patients do not bear 100% of the pharmaceutical costs directly. 34 These results should be interpreted within the context of study limitations. First, this is a retrospective study, which is vulnerable to bias. For instance, we could identify endogeneity in results for exacerbations, since it is likely that the causal direction goes from medication adherence toward exacerbations and not vice versa. 13, 35 Second, this study was conducted in a single health system; thus, results may not be extrapolate to other populations. However, trends are similar to previous research. 17, 20, 23 Third, the assumption that obtaining prescription was equivalent to taking the medication, which might not be completely true. Moreover, our study approach to quantify adherence was done by using the MPR, which has 
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Darbà et al been reported to be biased upward by previous research. 9, 14 Nevertheless, we tried to correct this by elevating the cutpoint, so fewer patients would be seen as adherent, and testing robustness of estimates due to this cut-point confirmed our findings. Actually since we obtain the persistence to COPD long-term medication, our estimates could be more accurate than those of few others who also used MPR without taking into account persistence. It is also true that tracking adherence patterns may imply to have data across time, which can be accomplished by analyzing adherence prospectively as well as analyzing other issues related with poor adherence that were not measured, such as intentional and nonintentional nonadherences, patients' preferences, and specific steps that the patients fail to complete within the process of taking their medicine. 5, 36, 37 The fact that NEXThaler ® was introduced in 2012 could limit our study, but dataset provides a sufficient number of cases using NEXThaler ® in order to be included within the DPI group. Finally, we could not obtain some patients' characteristics, such as race, level of education, type of job, and few others. This problem of data limitation also restricts our outcomes.
Conclusion
Medication adherence in COPD is crucial for optimizing clinical outcomes, and there are several factors that condition it. Inhaler devices are expected to help optimization of active ingredients. However, we found that DPIs included in our analysis (Turbuhaler ® , Accuhaler ® , and NEXThaler ® ) delivering ICS/LABA FDCs had a negative effect on patients' medication adherence compared to pMDIs. The findings reviewed here suggest that the pharmacological effectiveness of the FDC, which seemed to be very promising in the beginning, might be conditioned by the inhaler technique associated with inhaler devices. The special feature of our findings is that we adjusted for the effects of the active ingredients in order to explore the specific effect of inhaler technique toward adherence. We have also corroborated that patients' clinic and demographic characteristics are associated with adherence.
Suboptimal adherence is a major problem in long-term therapies, such as COPD treatment. The consideration of incidence trends and risk factors related to COPD, in addition to the aging of population, makes very relevant to overcome barriers to treatment adherence in order to avoid progression of the disease and waste of resources because patients cannot obtain the maximum efficacy of their treatment, even among those who want to take their medicine correctly. Overcoming barriers passes through the innovation of inhaler devices. Instead of attributing all the responsibility of poor utilization due to human errors, more intuitive and simple designs are needed.
